Strain analysis in a post-modernist world
The philosophy that scientists should limit their activities to studying the properties of material bodies that could be measured and quantified was proposed by Galileo Galilei (1564-1642). While Francis Bacon (1561-1626) championed the empirical inductive approach, Rene´Descartes (1596-1650) proposed everything could be divided into parts that can be described by analytical mathematics. Subsequently, Isaac Newton (1642-1726) identified that both approaches are needed to develop reliable theories. The resultant Cartesian-Newtonian methodology has been the basis of most scientific and engineering developments in the last 300 years. Engineering analysis, including strain analysis, has become a process of reductionism in which the object of interest is taken apart physically and, or virtually in order to understand it. In this modernist view, as philosophers call it, or mechanistic approach, as engineers might term it, the quantification of the behaviour of objects is the primary objective. This mechanistic outlook is very deeply embedded in our education system and is part of the psyche of most professional engineers, to the extent that it is difficult for most to imagine an alternative way of considering the integrity of structural components. However, in looking forward to the next 50 years of strain analysis for engineering design, I suggest that we need to embrace post-modernism and be prepared to consider, what might be termed, 'systems thinking' in strain analysis for engineering design. Capri and Luisi 1 have described systems thinking as contextual with a focus on mapping relationships and patterns, with objects often being of secondary importance. They introduce the term 'Gestalt', which is a German word for organic form, and suggest it could be translated into English as 'an irreducible perceptual pattern'.
For most 'modern' strain analysts, this will probably seem irrelevant but I think that would be a mistake. Fifty years ago when the Journal of Strain Analysis for Engineering Design (JSA) was founded, computational modelling was in its infancy and digital image sensing was inconceivable, many stress engineers understood about shape and form. They had the intuitive ability to design elegant structures with the appropriate amount of redundancy and close to optimum loading bearing capacity. However, in the 1960s most engineering materials were simpler, structures were less intricate and both were usually part of less complex systems. When systems become more complex, our ability to have a complete knowledge is diminished and in many cases, we can only strive for an approximate knowledge. Probability-based methods, such as Bayesian analysis, allow this approximate knowledge to be described and refined as new information arises. The widespread adoption of such approaches in engineering has been slow and many engineers struggle to appreciate their potential, perhaps due to their Cartesian-Newtonian or mechanistic training. Post-modernist thinking is about raising our tolerance to a certain level of optimal ambiguity 2 or uncertainty. When more complex systems are considered, emergent properties can appear at higher levels of complexity that are not present at lower levels. So, a reductionist approach that only considers the constituent parts of the complex system would not reveal these properties and instead systems thinking is necessary. Delanda 3 has highlighted that emergence allows simulations to replicate behaviour at the system level without the need for high-fidelity representations at all scales. This idea is exploited routinely in the computational analysis of fatigue cracks in metallic components. From a post-modernist perspective, fatigue crack propagation can be considered an emergent behaviour at the macroscale that can be modelled without resorting to high-fidelity representation of the breaking of atomic bonds driven by electronicstructure interaction at the quantum scale. Routinely, the structural integrity of components is evaluated using continuum mechanics, assuming equilibrium and homogeneity, and then relating the stored potential or strain energy to the deformation of the material. In reality, metals are inhomogeneous at the level of grains below a length scale of about 1 mm, and in order to model below this scale, we need to consider molecular dynamics in which dislocations evolve with potential or strain energy related to inter-atomic forces, for instance, via the Lennard-Jones potential. Ultimately, it is possible to step down further in scale and consider quantum effects as described above. We know that the energetics of breaking bonds drive far-from equilibrium dynamics, while elastic strain energy is dissipated smoothly in the close-to-equilibrium far-field, but we do not understand how to connect the apparently incompatible frameworks of quantum mechanics and continuum mechanics. Stress distributions appear as emergent behaviour at the longest scale and drive crack propagation, but stresses are not present at the quantum scale. We use the stress intensity factor, K, to characterise the stress pattern ahead of the crack tip, and thus tacitly acknowledge the importance of the pattern. So, emergent behaviour and systems thinking are implicit in this and some other areas of structural integrity, for instance, the emergence of buckling modes in vibrating structures at high temperatures, but is mostly unrecognised and unacknowledged.
The philosopher John Caputo 2 suggests that posthumanism is coming into existence as the boundary between humans and technology erodes. Certainly, there is greater interaction between biology and engineering as we attempt to mimic Nature, to deliver more sophisticated medical advances and to provide devices that integrate more intimately with us as humans. The complexity and variability of biological systems render a reductionist, mechanistic approach almost unviable and induce systems thinking with priority given to consideration of networks, patterns and relationships. If strain analysis for engineering design is about ensuring that an engineered system will not fail in service as result of applied loads and constraints, then it has a role in a post-humanist age, but strain analysts will need to understand the whole context and deploy considerable ingenuity to handle the inherent uncertainties. There have been few, if any, contributions to JSA that embrace these ideas, but I anticipate that we will start to see more appear in the next 50 years of the journal.
This editorial is the last in a series written to celebrate 50 years of publishing JSA. It appears in the last issue for which I will be responsible as editor-in-chief. After a decade, as editor, I am retiring from the role and Professor David Nowell is succeeding me.
